THE value of translumbar aortography, originally described by Dos Santos et al. (1929) is now established. It is not the purpose of this paper to discuss the conditions, urological and non-urological, in which it may prove useful, but rather to relate some of my experiences and suggest a simple method of rapid injection.
THE value of translumbar aortography, originally described by Dos Santos et al. (1929) is now established. It is not the purpose of this paper to discuss the conditions, urological and non-urological, in which it may prove useful, but rather to relate some of my experiences and suggest a simple method of rapid injection.
Following the first British report on aortography by Griffiths (1950) I adopted the technique which he described. For various reasons the results proved disappointing and in some instances no information at all was gained.
Several factors may influence the production of good aortograms. The technique of puncture requires no further description but the position of the needle within the aorta is important. Ufnless it is well and truly within the lumen, no satisfactory picture will be obtained. This is obvious and requires no further comment, except that the level of puncture is not so important as was previously thought.
The X-ray factors will depend to some extent on the machine available. Originally I used the technique which Griffiths described of a wooden tunnel and stationary grid. In this method several cassettes are loaded into the tunnel and may be withdrawn quickly allowing films to be taken at intervals of about two seconds. I was not satisfied with the quality of picture so obtained and have returned to the usual X-ray table and Potter-Bucky diaphragm. I am convinced that one good arteriogram and one or two nephrograms are much more valuable than more films of either phase, of poorer quality and definition. Cassettes can be changed on the Bucky at intervals of four seconds so that one immediate film already in position can be obtained and the second picture four seconds later corresponds to the maximum concentration of the nephrogram. A third film at eight seconds will cover any delay.
Certainly in peripheral arteriography faster films are desirable and the use of some form of seriograph may be helpful. In urology, I have not been impressed by the results of such machines. In practice it is a simple matter in peripheral arteriography to repeat the injection and take films in the intervals between the previous ones, thus obtaining pictures every two seconds. UJntil really efficient cine-radiography or fast photography (five to ten films per second) is available, I prefer to carry on with my simple technique.
Elaborate radiographic equipment is not necessary, and I carry out the examination in the Urological Outpatient Clinic. The usual X-ray factors used are: 72 kV, 200 mA, 02 sec. at 40 in., anode film distance. The Bucky setting between one-half and one-third of a second.
The question of the medium is also important as tragedies have been reported following the use of certain dyes. For the past two years, I have used sodium acetrizoate, largely the American preparation UJrokon 700% (Mallinckrodt), and more recently its British equivalent, Diaginol 70 % (May & Baker). This drug is less toxic, more rapidly eliminated and denser than any other and I have had no trouble with it at all. I consider, however, that an intravenous test dose should be given in every case and reliance should not be placed on a previous uneventful excretion urogram in which a different drug and concentration may well have been used.
The most important factor, undoubtedly, is the rate of injection. The slow rate due to hand injection in the original technique used, was, I am quite sure, responsible for the poor results. The quicker the delivery, the greater the concentration of the dye in the aorta, and the greater the concentration, the more detailed the picture of the aorta and its branches. I had the privilege of discussing this with Dos Santos, some months ago, when he delivered the Macewen Memorial Lecture in Glasgow UJniversity. He agreed that the secret of good aortography lies in rapid injection.
In an attempt to increase the delivery rate by hand pressure I tried various types and sizes of syringe and attachments. None of these made much difference, and I could not inject 20 ml. through an 18 S.W.G. needle in less than 6 seconds or through a 16 S.W.G. needle in less than 3-4 seconds. Eventually after a syringe broke and I got the plunger into my hand I was convinced that some other method of injecting the dye was necessary.
There were already in existence two types of apparatus for rapid injection. The first, originally described by Dos Santos, consisted of the use of compressed air or oxygen. This did not appeal to me as it seemed to have two drawbacks. Any slight technical defect or a human error in manipulation might result in a tragedy. In the second place there is little control and no tactile perception. The second type consisted of the use of a spring acting on the plunger as advocated by Melick and Vitt (1948) . I question if this is very effective, and it also has little control and no perception.
It seemed to me that what was required was some form of lever action under manual control. The mechanical advantage of vertical lever action is considerable, so I had constructed in the hospital an instrument embodying this simple principle. The success of this was astonishing and the instrument, which has been modified slightly, is now in the hands of the instrument makers (Chas. F. Thackray Ltd., Leeds).
The apparatus is all metal (see Fig. 1 ).
There is a heavy base to provide stability. The supports at the end are transfixed by a spindle on which the le..ver is hinged. The spring serves to keep the lever in the "up" position and to provide some tension. The vertical |.
X rods farther back are threaded and carry a platform on which the shoulders of the syringe rest. The clips which are removable are hinged and tigltened by a butterfly screw. The clips and platform are adjustable, the latter on the threaded vertical rods so that different sizes of syringe may be used, for example, a 50 ml. syringe for angiocardiography. The lever passes through the slot in the vertical metal plate, which slides on the rods and the cupshape attachment depresses the plunger. In order to prevent the plunger going opaque medium.
too far and shattering the syringe, the vertical rod at the top is threaded and has an adjustable metal ring, so that a known quantity of dye may be injected. In order to eliminate entirely any error or delay in the co-ordination between radiographer and operator, a simple electrical contact switch, which is connected to the X-ray machine, is placed on top of the instrument. This is activated by the screw stopper so that an immediate picture is taken when a known quantity of medium has been injected in a known time.
The syringe and tubing filled with the dye are placed on the platform by sliding the nozzle through the slot. The clips are then closed, the top one gripping the rim at the top of the barrel. The lower clip serves only to steady the syringe and maintain it in the true vertical. In the original model these clips were made to grip the barrel tightly, but this was found to increase the resistance considerably-a fact which I had not appreciated to begin with, but which is easily proved by grasping an all-glass syringe.
As considerable pressure is used, it is essential to have good fittings and pressure tubing. I have found the Luer-Lok type of mount on a 20 ml. all-glass syringe to be the most satisfactory. The best tubing was that recommended to me by Mr. I. H. Griffiths-this has an additional cotton woven sheath like the tubing of a bicycle pump. Ordinary pressure tubing tends to "balloon" after repeated autoclaving, and I have not found the modern plastic types to be entirely satisfactory.
As regards technique, I have discarded the use of a three-way adaptor and saline perfusion as the technique very seldom requires a second injection. The needle is inserted and when it is judged to be in the correct position the tubing is connected, rapid injection made and the needle withdrawn. I aim to inject 15-18 ml. in not more than one second but the quantity and time are both under complete control of the operator.
Having devised a suitable instrument which produced highly satisfactory pictures, I was interested in the effects of rapid injection.
The injection of 20 ml. in 0Q75 sec. through a 16 S.W.G. needle requires a pressure of 800 mm.Hg. A similar injection through an 18 S.W.G. needle requires 900 mm.Hg. The same injection, by hand, records on the manometer a pressure of 500 mm.Hg over 3-4 seconds for a 16 S.W.G. and 600 mm.Hg over 6 seconds for an 18 S.W.G. needle. Is the greater pressure dangerous?
Two factors come into play. First the effect of a thin jet of fluid forcibly projected against the aortic wall. The injection of 20 ml. of fluid through a 16 S.W.G. needle which has an internal diameter of 1 mm. in one second produces a muzzle velocity of 2,000 cm. per second-this is twenty times the normal velocity of the blood in the aorta. Velocity falls rapidly from the muzzle onwards and when this fluid is injected across another heavier fluid such as blood with its own velocity, against it at an angle of 45 degrees the fall is fv5 " Section of Urology 825 immense. It was not possible to calculate the effect mathematically so the following experiments were carried out:
Fresh aortas were obtained from the post-mortem room and injections were made both in the normal tubular form and with the aorta opened and pinned out. These injections were made at varying distances from 1*0 mm. upwards from the aortic wall, both across air and across fluid-the latter being Darrow's solution. Serial sections both in the vertical and transverse planes were cut of the various target areas. In no case could any damage to the intima be seen on histological examination.
The second factor is the rise of pressure within the aorta during injection on the living patient. Again it is quite impossible to calculate this. Experiments were therefore carried ,out in which two needles were inserted into the aorta 2 cm. apart. Injections were made through the upper needle and readings taken from the lower needle which was connected to a manometer.
Further recordings were made through the upper needle, the lower one being used for injecting the medium.
Originally a simple water manometer was used, but this may not be entirely reliable so subsequent readings were taken on a sensi-'tive accurate electromanometer. In no case did the rise of intra-aortic pressure exceed 8 mm.Hg.
A further experiment to determine the pressure transmitted to the renal artery was carried out. It is impossible to carry out a deliberate blind puncture of a renal zartery and it did not seem 5ustifiable to do this at opera-FIG. 2 (Case I). Normal aortogram. tion unless the kidney re-'quired removal. Accordingly a patient in whom left nephrectomy was necessary was selected. At operation I inserted a needle into the left renal artery so that the point lay almost at its junction with the aorta. A second needle was inserted into the aorta under vision with the point directed downwards 1 cm. above the first one and the usual injection made.
The rise of pressure recorded on the manometer from the renal needle was 2 mm.Hg.
These rises of intra-aortic pressure seem quite insignificant.
In some cases there is a W.considerable retrograde spread of the dye up the -'i'lLaorta. In order to ascertain whether this has any effect " on the cardiac output or FIG. 3 (Case I1) . Vascular supply to right kidney (left nephreccycle, electrocardiographic tomy). Needle inserted below origin of renal arteries. tracings were carried out during injection. No alteration in the tracings has been found. These experiments suggest that rapid injection such as this is safe. Two criticisms, however, may be made.
Rapid injection may lead to the filling of more vessels than those desired. Should this occur, however, the clarity of the picture is such that it more than compensates for any overlay and I have had no difficulty in the interpretation of such films. The insertion of the needle at the point of election between the superior mesenteric and the renal arteries cannot, as I have found in anatomical dissection and in aortography, be done with accuracy in every case. Rapid injection such as this will outline the renal arteries even where the needle is inserted below them (see cally up and down the aorta. In spite of these openings having a greater surface area than the end of the usual .......needle the resistance was very much greater. In practice they did not prove very satisfactory-the main difficulty being in determining their position and the risk of extravasation seemed greater. I ..have therefore, for the present, reverted to the usual type of needle.
Personally I have had no .trouble so far and feel that the dangers of rapid injection are exaggerated, provided the pressure is not excessive. To me the type and quantity of the dye are just as important. I have injected most of the dye into the cceliac axis and into one renal artery without the slightest ill-effect. For those, however, who feel apprehensive about this there remains the test injec- (Numerous slides were shown to illustrate the type of picture obtained by this technique.)
The following five examples are quoted:
Case I (Fig. 2 ).-Female, aged 34. Diagnosis of coarctation of abdominal aorta made elsewhere at laparotomy. The aortogram is normal in all respects and the renal and some other branches clearly defined. 18 ml. dye injected in 1 sec. through a 16 S.W.G. needle at level of L.1.
Case 11 (Fig. 3 ).-Female, aged 49. Small stone in lower pole of right kidney. Left nephrectomy for stone, 1940. Aortogram shows vascular supply to the right kidney. Slight irregularity on the opposite side denotes the stump of the left renal artery. 16 ml. dye in 0 75 sec. through a 16 S.W.G.
needle. Note that the needle is inserted well below the origin of the renal artery.
Case Ill (Fig. 4 ).-Female, aged 27. Stone in right ureter. No excretion right kidney on I.V.P. Dye failed to enter kidney on ascending urogram. Ureterolithotomy performed. Post-operative I.V.P. and ascending urogram again failed to demonstrate right kidney. The aortogram shows vascular obliteration of the right renal artery, only a tapering stump remaining. Left renal vascular distribution normal. Small right atrophic kidney removed at operation. 18 ml. dye in 1 sec. through 16 S.W.G, needle inserted below origin of renal arteries.
These two cases illustrate the point made earlier that the level of puncture is not so important with this technique as it is with hand injection.
Case IV (Fig. 5 ).-Female, aged 68. The aortogram illustrates the classical picture of a renal adenocarcinoma. Hypertrophy of left renal artery due to ..... .$tNe F X X Eincreased blood supply. Displacement of main branches and "pooling" of dye in the vascllar sinuses. 16 ml. dye in 0-75 sec. through a 16 S.W.G. needle inserted at T. 12.
Case V (Fig. 6 ). This apparatus has now been used in more than 100 cases in patients between the ages of 14 and 76. There has been no morbidity in any patient or damage to any syringe. I feel that rapid injection by this technique is quite reasonably safe for the patient, safer for the operator and produces pictures of a quality far superior to those obtainable by hand injection.
